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RESEARCH AND DEVELORENT OF CRYOGENIC PROPELLANT 

FEED SYSTEHS FOR ELECTROTHHZHAL ENGINES 

Statement of Work 0 

A t  the sta& of t h e  cur ren t  report period t h e  p ro jec t  group was organized, 
the work schedule was prepared, and the aream of  required add i t iona l  lnfor-  
r a t i o n  were defined, 
t he  work had been brought up t o  date ,  

The b i t l i o g r a p h j  prepared under t h e  preceding phase of 

e 

3escriptAon of Worst I 

A m e e t i r i  was held a t  Cleveland, Ohio, with Mr, H. R. Hunczak, Technical 
.<onitor f o r  NASA, on March 29, 1962. Some of t h e  d e t a i l s  of t he  mlssion 
m d  t h e  V e U C l e  WBre sp3ci f ied  at t h a t  t h e ,  sl though ti. COIUph3te d S s h I  

profile has not  yet been detlned, 8 

The veh ic l e  Kill be boosted i n t o  a 260 nau t i ca l  mile Earth orbit. 
Lhree hours will then  be allowed before i g n i t i o n  of  t he  e lec t ro thermal  engines, 
i n  order  that t r ack ing  s t a t i o n s  car. determine t h e  o r b i t ,  
45 zdnutes  on and 45 minutes off may then be required t o  obta in  a c i r c u l a r  
Drblt. The engines w i l l  then propel t h e  c r a f t  t o  a 2L-hour c i r c u l a r  E a r t h  
s r b i t  (about 22,000 nau t i ca l  miles). 
2-76 x 10-4 lb/sec will be required f o r  120 days with 150 days t o t a l  s t a y  time. 
3 i r t h e r  details Kill be obtained froin t h e  CONFIDENTIAL Avco report on t h e  
2 4 - h ~ u r  comunica t ions  s a t e l l i t e ,  khich has been requested. 

Approximately 

Several cycles  of  

For t h e  hydrogen propel lan t  a rate of 

%e storage tank ou te r  diameter i s  l imi ted  t o  10 f e e t .  Heat leakage t o  t h e  
insulated tank will o r i g i n a t e  a t  t h e  vehic le  sk in  and a t  t h e  e lectrothermal  
xrqine, 
yehicle  will be supplied by NASA a t  a l a t e r  date. 
was t e n t a t i v e l y  spec i f i ed  f o r  ground time between propel lan t  f i l l  and l i f t - o f f .  

fnfonnation on sk in  temperatures and naximUm acce le ra t ion  o f  the 
A period of two hours 

The e,y;ine will operate  a t  1 t o  2 atmosphere8 pressure.  
will supply a c r i t i c a l  flow o r i f i c e  a t  t h e  engine intake.  
9 ressu-e  must be a Ilrinimunr of 2 atmospheres mul t ip l ied  by the c r i t i c a l  p ressure  
ra t io  f o r  sonic  flow through the  o r i f i ce .  
although an upper limit may l a t e r  be set. 

The engine manufacturer 
The propel lan t  supply 

No temperature lippit was spec i f i ed ,  

dparatlrrg condi t ions f o r  t he  umnoda propel lan t  system8 will be rpec i f i ed  a t  
3 l a t e r  date.  

. 



. 
I .  

;ased or. t h e  opera t ing  condi t ions  specifiad above, c a l c u l a t i o n s  of t h e  hydrogen 
jtoraae tank dimensions and i n s u l a t i o n  requirements -re made. 
3izing of t h e  e x t r a c t i o n  and flow cont ro l  eystern was made. During t h e  month 
J: Apri' an eva lua t ion  Will be made of a l t e r n a t e  methods of pressure con t ro l .  
jtudies w i l l  be made of t h e  flow cont ro l  s y e t e n  and t h e  r t r u c t u r d  des ign  of 
t he  s to rage  tank. 

Preliminary 

%etches and Drawlnnr 

A prel iminary ske tch  of t h e  s to rage  tank, showing t h e  approxfP.te size and 
shape, is attached. 
3eriod. 

No other sketches or drawings were made during this report 

-1 

Zalcu la t ions  

'The following c a l c u l r t i o n s  were made during this report period ud aro a t tached  
neretor 

:I) Thermodynsmics of self-sxpulsion iron atorago. 

(2)  Calcu la t ion  of r tonge  tank r i ze .  

( 3 )  Calculation of insulat ion thicknear. 

I4an-Houre Expe nded 

x t o t a l  of 250 man-hour8 were expended during t h e  report pexdod. 
co ta l  expenditure t o  d a t e  is 330 man-houh, or 10.5 percent  of t h e  budgeted 
3132 man-hours. 

h e  Cumulative 

I 

:ontract  Funds 

An es t imated  $3,880 has been charged t o  t h e  c o n t r a c t ' t o  date.  
r ep resen t s  10.5 percent of t h e  a l l o t t e d  fund.. 

This sum 

J t h e r  Information 

::?e following infoxmation is t o  be  eupplied br NASA. 
,available a t  an e a r l y  d a t e  if t h e  project  is t o  proceed on schedule. 

It should be made 

a. 
b. Maximum acce le ra t ion  of vehicle.  
c. Spec i f i ca t ions  f o r  amnonia eystem. 

Skin t empera tu re - the  r e l a t i o n s h i p  for vehic le .  



APPENDIX 

In A t t u 9 s e n t  I it  is  shown t h a t  t o  ob ta in  constant  pressum and conatant  
flow condi t ions,  heat  must be supplied to t h e  tank a t  a constant  rate which 
c;.pencs on the  themdynamic  p rope r t i e s  of t h e  f lu id .  
p red ic t ing  t h i s  rate is given. Also given are equat ions for ca lcu la t ing  t h e  
LGTL v o l m e  and initial propel lan t  m s s  nece8sary t o  provide a given mflsi of 
-sa&e j xope l l an t  a t  constant  pressure. 

An equation for  

- .  r i g w e  1 g ives  t h e  rate of heat  addi t ion  necessary; Figures 2 urd 3 give t h e  . 
.?yiss v f  pihydrogen and t h e  tank volume necessary for opera t ion  a t  var ious  
jru.;.ires, allowing no i n i t i a l  ul lage.  These figures are p lo t t ed  in t e r n  of 
,'t?xrbA 2 zed paraceters, - .  

;n 3 p r e  ir i s  p lo t ted  the '  length'of a c y l i n d r i c a l  tank, 9 feet i n  diameter,  
* x t h  %.%spherical caps, that w i l l  s t o r e  2910 pounds of usable  p h y d m g e n  io  
;e ce l ive red  a t  a steady rate of  2.76 x loo4 lb/sec for 12? days (allowing 
c x y s  for maneuvering, e t c . )  

:::e ca ta  used i n  t h e  ca l cu la t ions  were taken f r o m  N.B.S. TN 130, "Provis ional  
:nerr;ocynamic Functions for Para-Hydrogen" by H. M. Roder and R. D. Coodwin. 

- r r o 3  ::,e f i g u r e s  it ca?~ be seen t h a t  the pressure should be chosen as low 
iis p c s : l t l c  c o m n s u r a t e  with t h e  de l ive ry  pressure requirements. 
h i 2  probably result i n  a storage pressure i n  t h e  neighborhood of bo psia .  

This 

This c c 6 x e p t  W i l l  result i n  a r e l a t i v e l y  compact and l i g h t  storage tank 
t ecL ;se  of t he  high i,nitial dens i ty  and t h e  low s torage  pressure. 

.ne r.e;t input  t o  flow r a t i o  W i l l  ~e about 180-200 Btu/lb, which corresponds 
t o  a t o ~ t  180-200 Btu/hr a t  2.76 x 10-4 lb/sec (0.994 lb/hr).  
;-ter sKin teinperature of 500%, t h e  heat  leak  would balance t h i s  requirenent  
K i t 1 1  a~ i n s u l a t i o n  th ickness  of about l / L n  of Llnde SI-44, 
on such  a balance, it would be b e t t e r  t o  use r a t h e r  more i n su la t ion  and 
i n s t d l  a pressure-controlled e l e c t r i c  heater.  
here, ssy, 1/2", t h e  h e a t e r  duty would be 100 Btu/hr or about 30 W. 

7 

Assuming an 

Instead of r e ly ing  

If t h e  insulation th ickness  



The rate of change of the internal energy of the @tored fluid I 8  

d ( q  ) /dt  4 

"tie f l o w  rate from the  storage vesse l  i s  
from the  vessel by N o w  i r  

-d)l/dt themfore . the  energy removed 

-U&dt 

The rate at which this stream does work is 

'P& W d t  

In a d d i t i o n ,  energl is added t o  the tank by soma independent mean8 at a rate 

Q 

3y energy belmco 

If t h e  temperature i n  the tank I s  constant, the  pressure will &la0 be comtant, 
3s w i l l  be t h e  specific internal energies of the  pbser . '  

Xnce  material, energy, urd volume are conserved 

m t  + m n  = M 

and m ?J 

++F *I! 



a 

b 

. 
:ombining Equtionr 1, 2, And 3 

and by c d i n i n g  Eq\Utions 2 and 4 and litferenti.ting 

substituting Equation 6 i n  Equation 5 
f 

b l- 

It  fo l lom frarP m u t i o n  7 that i f  P is constant Q i r  conatant. 
'c h 

l 

:;ince there i a  minimum pressure of propellant required for engine operation, 
:ne tank must be charged w i t h  more propellant than W i l l  be used i n  t h e  Pission. 
?or calculation purposes, i t  w i l l  be considered that  no more propellant w i l l  
:)e hvailable when the l iquid phase disappearr a t  the control COnditiOM. 



. 

A i  so 

3liminating 
sx$ ic i t  in V P f  between Equations 8 and 9 and rearranging to give an expression 

irid eliminating V 

HO 

t o  give an expression for % 



F r  

H a  

m i  

M a  

P t  

s :  
t a  

u a  

U t  

v a  
V r  

O r  

- 

P '  

flow rate from tank 

average specif ic  enthalpy 

maas of pbao in tank . 
# 

mass of f l u i d  tank 

p re s a ure 

heat leak rate 

tims 

specific internal energy o f  one phase 

specif ic  internal energy of f l u i d  (average) 

epeciflc volume 

tank volum6 

initial Ullage (volume fraction) 

denaity 

,ubscripts 

0 : 

1 : inside tank 

2 : discharge l i n e  

M : end of mission (or propellant use) ~ 

beginning of f l u i d  f l o w  

8 

I pe r s c r i p t  

primes and double primes indicate liquid and vapor phaea 
respectively. 
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